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Applicant: Karl M. Robinson Examiner: Unknown 

Serial No.: Unknown Group Art Unit: Unknown 

Filed: Herewith Docket: 303.455US3 

Title: DEVICES HAVING IMPROVED CAPACITANCE AND METHODS OF 

THEIR FABRICATION 

PRET TMTNAR V AMENDMENT 

Box Patent Application 

Assistant Commissioner for Patents 

Washington, D.C. 20231 

Before taking up the above identified application for examination, please enter the 
following amnendments. 

TN THE SPECIFICATION 

On page 1, after the title please insert the sentence --This application is a divisional of 
U.S. Serial No. 08/676,708, filed July 8, 1996.--. 

TN THE CI, ATMS 

Please cancel claims 1-18, 21-38, and 50-52, without prejudice. Please amend claims 39- 
49 as follows: 

39. (Once Amended) A dielectric layer formed by a [the] process[,] comprising: 

forming a metal layer overlying a starting substrate; 

contacting the metal layer with an electrolytic solution; 

applying a potential across the electrolytic solution and the metal layer; and 

oxidizing at least a portion of the metal layer to form an oxidized layer [in response to 
said step of applying, said oxidized layer] forming at least a portion of the dielectric layer. 



40. (Once Amended) The dielectric layer of claim [as specified in Claim] 39, wherein the 
process further comprises [comprising] forming a capacitor plate overlying the starting substrate 
prior to said step of forming the metal layer, said metal layer overlying said capacitor plate. 
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41. (Once Amended) The dielectric layer of claim [as specified in Claim] 39, wherein a non 
oxidized portion of the metal layer forms at least a portion of a capacitor plate. 

42. (Once Amended) The dielectric layer of claim [as specified in Claim] 39, wherei n the 
process further comprises [comprising] : 

connecting a first electrode in contact with the electrolytic solution to a first terminal of a 
potential source; and 

connecting the starting substrate to a second terminal of the potential source. 

43. (Once Amended) The dielectric layer of c laim [as specified in Claim] 42, wherein the 
process further comprises [comprising]: 

positioning a second electrode to contact the electrolytic solution; and 
connecting the second electrode to the potential source. 

44. (Once Amended) The dielectric layer of claim [as specified in Claim] 39, wherein the 
process further comprises [comprising the step of] adjusting the potential across the electrolytic 
solution to control the oxidation of the metal layer. 

45. (Once Amended) The dielectric layer of claim [as specified in Claim] 39, wherein the 
process further comprises [comprising]: 

monitoring a current in the electrolytic solution; and 

adjusting a [the] potential of the electrolytic solution to maintain a desired amount of the 

current. 



46. (Once Amended) A capacitor formed by a process[,] comprising: 
forming a first capacitor plate; 

forming a metal layer overlying the first capacitor plate; 

contacting the metal layer with an electrolytic solution; 

applying a potential across the electrolytic solution and the metal layer; and 

oxidizing at least a portion of the metal layer to form an oxidized layer [in response to 
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said step of applying, said oxidized layer] forming at least a portion of a dielectric layer of the 
capacitor. 



47. (Once Amended) The capacitor of claim [as specified in Claim] 46, wherein the process 
further comprises [comprising] forming a conductive layer overlying the oxidized metal layer to 
form a second capacitor plate. 

48. (Once Amended) A capacitor formed by a process[,] comprising: 
forming an insulative layer overlying a substrate; 

masking the insulative layer to define a region in which to fabricate the capacitor; 
removing the insulative layer in an unmasked region to expose a portion of the substrate; 
depositing a polysilicon layer overlying the insulative layer and the substrate and 
contacting the substrate; 

removing portions of the polysilicon layer to expose an upper surface of the insulative 

layer; 

depositing a metal layer to overly the polysilicon layer; 
contacting the metal layer with an electrolytic solution; 
applying an electrical potential to the electrolytic solution and the metal layer; 
oxidizing[, in response to said step of applying,] at least a portion of the metal layer to 
form a metal oxide to function as a dielectric layer; and 

forming an electrically conductive layer overlying the metal oxide. 

49. (Once Amended) The capacitor of claim [as specified in Claim] 48, wherein the process 
further comprises [comprising] forming a conductive layer overlying the metal oxide. 



Please add new claims 54-106. 



54. 



(New) A dielectric layer formed by a process comprising: 
forming a metal capacitor plate on a substrate assembly; 
applying a potential across the metal capacitor plate; and 
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oxidizing at least a portion of the metal capacitor plate to form at least a portion of the 
dielectric layer. 

55. (New) The dielectric layer of claim 54, wherein the substrate assembly is formed from 
silicon dioxide. 

56. (New) The dielectric layer of claim 54, wherein the metal capacitor plate is formed from 
at least one metal selected from the group consisting of titanium, copper, gold, tungsten, and 
nickel 

57. (New) The dielectric layer of claim 56, wherein the at least one metal is alloyed with at 
least one additional metal selected from the group consisting of strontium, barium, and lead. 

58. (New) The dielectric layer of claim 39, wherein the starting substrate is formed from 
silicon dioxide. 

59. (New) The dielectric layer of claim 39, wherein the metal layer is formed from at least 
one metal selected from the group consisting of titanium, copper, gold, tungsten, and nickel 

60. (New) The dielectric layer of claim 59, wherein the at least one metal is alloyed with at 
least one additional metal selected from the group consisting of strontium, barium, and lead. 

61 . (New) The dielectric layer of claim 39, wherein the electrolytic solution is a basic 
solution. 

62. (New) The dielectric layer of claim 39, wherein the electrolytic solution is an acidic 
solution. 



63. (New) The dielectric layer of claim 39, wherein the electrolytic solution is a solution of 
one part NH 4 OH to ten parts water. 
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64. (New) The dielectric layer of claim 39, wherein the electrolytic solution is a 0.1 molar 
solution of HCIO4. 



65. (New) The capacitor of claim 46, wherein the first capacitor plate is formed on a silicon 
dioxide starting substrate. 

66. (New) The capacitor of claim 46, wherein the metal layer is formed from at least one 
metal selected from the group consisting of titanium, copper, gold, tungsten, and nickel. 

67. (New) The capacitor of claim 66, wherein the at least one metal is alloyed with at least 
one additional metal selected from the group consisting of strontium, barium, and lead. 

68. (New) The capacitor of claim 46, wherein the electrolytic solution is a basic solution. 

69. (New) The capacitor of claim 46, wherein the electrolytic solution is an acidic solution. 

70. (New) The capacitor of claim 46, wherein the electrolytic solution is a solution of one 
part NH 4 OH to ten parts water. 

71 . (New) The capacitor of claim 46, wherein the electrolytic solution is a 0. 1 molar solution 
ofHC10 4 . 

72. (New) The capacitor of claim 48, wherein the substrate is formed from silicon dioxide. 

73 . (New) The capacitor of claim 48, wherein the metal layer is formed from at least one 
metal selected from the group consisting of titanium, copper, gold, tungsten, and nickel. 

74. (New) The capacitor of claim 73, wherein the at least one metal is alloyed with at least 
one additional metal selected from the group consisting of strontium, barium, and lead. 
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75. (New) The capacitor of claim 48, wherein the electrolytic solution is a basic solution. 

76. (New) The capacitor of claim 48, wherein the electrolytic solution is an acidic solution. 

77. (New) The capacitor of claim 48, wherein the electrolytic solution is a solution of one 
part NH 4 OH to ten parts water. 

78. (New) The capacitor of claim 48, wherein the electrolytic solution is a 0.1 molar solution 
ofHC10 4 . 

79. (New) The capacitor of claim 19, wherein the first conductive plate is formed from at 
least one metal selected from the group consisting of titanium, copper, gold, tungsten, and nickel. 

80. (New) The capacitor of claim 79, wherein the at least one metal is alloyed with at least 
one additional metal selected from the group consisting of strontium, barium, and lead. 

8 1 . (New) The capacitor of claim 1 9, wherein the second conductive plate is formed from a 
material selected from the group consisting of polysilicon and metal. 

82. (New) The memory system of claim 20, wherein the first conductive plate is formed 
from at least one metal selected from the group consisting of titanium, copper, gold, tungsten, 
and nickel. 

83. (New) The memory system of claim 82, wherein the at least one metal is alloyed with at 
least one additional metal selected from the group consisting of strontium, barium, and lead. 

84. (New) The memory system of claim 20, wherein the second conductive plate is formed 
from a material selected from the group consisting of polysilicon and metal. 



85. (New) The capacitor of claim 53, wherein the first capacitor electrode is formed from at 



PRELIMINARY AMENDMENT Pa S e 7 

Serial Number: Unknown Dkt: 303.455US3 

Filing Date: Herewith 

Title. DEVICES HAVING IMPROVED CAPACITANCE AND METHODS OF THEIR FABRICATION , 

least one metal selected from the group consisting of titanium, copper, gold, tungsten, and nickel. 

86. (New) The capacitor of claim 85, wherein the at least one metal is alloyed with at least 
one additional metal selected from the group consisting of strontium, barium, and lead. 

87. (New) The capacitor of claim 53, wherein the second capacitor electrode is formed from 
a material selected from the group consisting of poly silicon and metal. 

88. (New) A dielectric layer formed by a process comprising: 

forming a metal layer overlying a starting substrate formed from silicon dioxide, the 
metal layer being formed from at least one metal selected from the group consisting of titanium, 
copper, gold, tungsten, and nickel, alloyed with at least one additional metal selected from the 
group consisting of strontium, barium, and lead; 

contacting the metal layer with an electrolytic solution; 

applying a potential across the electrolytic solution and the metal layer; and 

oxidizing at least a portion of the metal layer to form an oxidized layer forming at least a 
portion of the dielectric layer. 

89. (New) The dielectric layer of claim 88, wherein the electrolytic solution is a basic 
solution. 

90. (New) The dielectric layer of claim 88, wherein the electrolytic solution is an acidic 
solution. 

91 . (New) The dielectric layer of claim 88, wherein the electrolytic solution is a solution of 
one part NH 4 OH to ten parts water. 



92. (New) The dielectric layer of claim 88, wherein the electrolytic solution is a 0.1 molar 
solution of HC10 4 . 
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93. (New) A capacitor formed by a process comprising: 

forming a first capacitor plate on a silicon dioxide starting substrate; 

forming a metal layer overlying the first capacitor plate from at least one metal selected 
from the group consisting of titanium, copper, gold, tungsten, and nickel alloyed with at least one 
additional metal selected from the group consisting of strontium, barium, and lead; 

contacting the metal layer with an electrolytic solution; 

applying a potential across the electrolytic solution and the metal layer; and 

oxidizing at least a portion of the metal layer to form an oxidized layer forming at least a 
portion of a dielectric layer of the capacitor. 

94. (New) The capacitor of claim 93, wherein the electrolytic solution is a basic solution. 

95. (New) The capacitor of claim 93, wherein the electrolytic solution is an acidic solution. 

96. (New) The capacitor of claim 93, wherein the electrolytic solution is a solution of one 
part NH 4 OH to ten parts water. 

97. (New) The capacitor of claim 93, wherein the electrolytic solution is a 0.1 molar solution 
ofHC10 4 . 

98. (New) A capacitor formed by a process comprising: 

forming an insulative layer overlying a silicon dioxide substrate; 
masking the insulative layer to define a region in which to fabricate the capacitor; 
removing the insulative layer in an unmasked region to expose a portion of the substrate; 
depositing a polysilicon layer overlying the insulative layer and the substrate and 
contacting the substrate; 

removing portions of the polysilicon layer to expose an upper surface of the insulative 

layer; 

depositing a metal layer to overly the polysilicon layer, the metal layer being formed 
from at least one metal selected from the group consisting of titanium, copper, gold, tungsten, 
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and nickel alloyed with at least one additional metal selected from the group consisting of 
strontium, barium, and lead; 

contacting the metal layer with an electrolytic solution; 

applying an electrical potential to the electrolytic solution and the metal layer; 

oxidizing at least a portion of the metal layer to form a metal oxide to function as a 
dielectric layer; and 

forming an electrically conductive layer overlying the metal oxide. 

99. (New) The capacitor of claim 98, wherein the electrolytic solution is a basic solution. 

100. (New) The capacitor of claim 98, wherein the electrolytic solution is an acidic solution. 

101. (New) The capacitor of claim 98, wherein the electrolytic solution is a solution of one 
part NH 4 OH to ten parts water. 

102. (New) The capacitor of claim 98, wherein the electrolytic solution is a 0.1 molar solution 
ofHC10 4 . 

1 03 . (New) A dielectric layer formed by a process comprising: 

forming a metal capacitor plate on a substrate assembly, the metal capacitor plate being 
formed from at least one metal selected from the group consisting of titanium, copper, gold, 
tungsten, and nickel alloyed with at least one additional metal selected from the group consisting 
of strontium, barium, and lead; 

applying a potential across the metal capacitor plate; and 

oxidizing at least a portion of the metal capacitor plate to form at least a portion of the 
dielectric layer. 

1 04. (New) A capacitor, comprising: 

a first conductive plate formed from at least one metal selected from the group consisting 
of titanium, copper, gold, tungsten, and nickel, alloyed with at least one additional metal selected 
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from the group consisting of strontium, barium, and lead; 

a second conductive plate formed from a material selected from the group consisting of 
polysilicon and metal; and 

a dielectric interposed between the first and second conductive plates, wherein the 
dielectric is an oxide of a material of the first conductive plate. 



105. (New) A memory system, comprising: 

a monolithic memory device comprising a capacitor, wherein the capacitor comprises 
a first conductive plate formed from at least one metal selected from the group 
consisting of titanium, copper, gold, tungsten, and nickel, alloyed with at least one additional 
metal selected from the group consisting of strontium, barium, and lead, 

a second conductive plate formed from a material selected from the group 
consisting of polysilicon and metal, and 

a dielectric interposed between the first and second conductive plates, wherein the 
dielectric is an oxide of a material of the first conductive plate; and 

a processor configured to access the monolithic memory device. 

106. (New) A capacitor comprising: 

a first capacitor electrode formed from at least one metal selected from the group 
consisting of titanium, copper, gold, tungsten, and nickel, alloyed with at least one additional 
metal selected from the group consisting of strontium, barium, and lead; 

a dielectric layer formed from the first capacitor electrode; and 

a second capacitor electrode formed from a material selected from the group consisting of 
polysilicon and metal. 
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REMARKS 

Claims 1-18, 21-38, and 50-52 are cancelled hereby, and claims 39-49 are amended. 
New claims 54-106 have been added. Claims 19-20, 39-49, and 53-106 are now pending in the 
application. 

Respectfully submitted, 
KARL M. ROBINSON 
By their Representatives, 
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TiO NONREFLECTING FILMS ON SOLAR CELLS 

2 



Some general considerations about the characteristics of thin, single-film nonreflecting 

layers for silicon solar cells for use in space are brought to light. 

Furthermore, the tests conducted to make said nonreflecting layer using titanium dioxide 

instead of silicon monoxide are described, with particular reference to the TiO deposition 
technique in a reactive 0 2 environment. 

Finally, the optical and electrical measurements conducted and the obtained results are 

given. 



Introduction 

The advent of the space age has provided a strong boost to research for the realization of 
devices capable of converting luminous solar energy into electrical energy. 

As noted, the devices most used are silicon solar cells, which today are produced 
industrially with an efficiency of conversion on the order of 10-1 1%, with respect to luminous 
solar energy in mass conditions of zero air. 

One of the biggest problems in the use of said cells in space [applications] is presented by 
the need to protect them from the bombardment of micrometeorites, electrons, and protons, in 
order to keep them performing for as long as possible. 

For this purpose, until now the system has been resorted of sticking optically transparent 
windows (Figure 1) made of glass, fused silica, or sapphire, depending on the demands to the 
active surface of the cells. 
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The adhesive used for this assembly is chosen on the basis of the characteristics of optical 

transmittance and chemical stability, especially towards ultraviolet radiation. However, from the 

optical point of view and in the wavelength band of interest, the physically thin (-50 (im) layer 

of adhesive closely represents a semi-infinite medium surrounding the cells. Therefore the 

cell-adhesive interface can be considered optically independent from the adhesive-window and 

window-vacuum interfaces and can be considered separately. Thus the optical behavior of the 

surface of the cells can be assimilated to a single interface between two semi-infinite media. 

Since the refractive index of the adhesives used is usually n c = 1 .43, and that of silicon, 

n , is as reported in Figure 2, the progression of the reflectivity of an adhesive-silicon interface 
as a function of wavelength, which is taken from the known ratio: 




is that reported in Figure 3. 




D \IM 

k <riinj 



Figure 2. Refractive index of silicon as a function of X. 
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Figure 3. Progression of the reflectivity of a silicon-adhesive interface (n c = 1,43). 




From this progression and from the spectrum of solar emissivity beyond the atmosphere 
(Figure 4), the quantity of incident luminous energy that is reflected can be calculated. 

In the interval contained between the wavelengths of 0.4 and 1.1 |xm, which is the one 
that is useful for silicon solar cells, such energy represents about 23% of the total. For devices 
intended for use in space, where the weight-power ratio plays a fundamental role, such a loss is 
decidedly unacceptable, so the adoption of an optical adaptation element between the surface of 
the silicon and the adhesive becomes indispensable. The possible structures of this adaptation 
element are obviously the multilayer or single-layer ones. Until now, the universally adopted 
solution is to use a single thin film of dielectric material. In this way, in fact, as will be seen, the 
losses due to reflection can be limited so much that an additional drop would justify neither the 
cost nor the technological effort that would be necessary for the use of a multilayer solution. 
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Figure 4. Johnson solar spectrum (AMO) J(X) 
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Considering the particular use of said nonreflecting film, its characteristics must 
correspond to the following requirements: minimal loss to reflection, minimal loss to absorption, 
maximum hardness, chemical stability, physicochemical compatibility with the surface of the 
cells. 

The aforementioned requirements, with the exception of minimal loss to reflection, 
depend exclusively on the intrinsic qualities of the material used and on the modalities and 
techniques of deposition. 

Minimal loss to reflection, in contrast, is determined by the refractive indices of the 
materials and by the optical thickness of the nonreflecting film in relation to the spectral 
characteristics of the incident light and to those of the cell 

The criterion of the choice of the optimal refractive index to minimize the reflectivity of a 
thin film between two media considered semi-infinite (silicon-adhesive) follows from the known 
ratio: 

© , 



Key: 1 Optimal 

where n is the optimal refractive index of the film, n is the refractive index of the adhesive, 

f,opt r 7 c 

and n st is the refractive index of silicon (Figure 2), yielding n = 2 A 

The optimal optical thickness of the film: 
d Q Qpt = optim physical thickness * n 

will be given by a quarter of that wavelength (X q ^ for which it is worth minimizing the losses 

to reflection in order to minimize the useful luminous energy for the conversion that is lost to the 

integral reflectivity of a solar cell. 

Such a wavelength is determined by maximizing size F(k ) which is proportional to the 

yield of a cell in the normal conditions of use, and is defined by [1]: 



'W-j J 



where J (X) is the spectrum of sunlight in space (Figure 4), S (X) is the normalized spectral 
response, theoretically calculated, of a solar cell assumed to be free of reflection (Figure 5), and 



12/20/99 16:33 FAX 512 472 4591 



RALPH MCELROY 



B1007/012 



R (X A, ) [is] the reflectiveness of a solar cell with nonreflecting film with the maximum optical 
adaptation at wavelength X . 




390 »•* 4»0 MO 400 
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Figure 5. Normalized spectral response of a solar cell assumed to be free of reflection. 
Size R (X { X^ is taken from known ratio [2]: 



r x ' + »V -f 2 r, r, cos J 
i + r t B r» B + U!f, cos z! 



where: 



and: 



4 ^ 
A - n f d ~* n 
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In this way a X q value of 0,650 is obtained, with an optimal physical film 



thickness: 



<i$L 0,650 ■ A - 677 A, 

4' *A 



Key: 1 Optimal 

In these conditions (X^ =0.650 ^tm), reflectivity R (X) (Figure 6) of the 

silicon-nonreflecting layer-adhesive configuration is extracted in conditions of normal incidence, 

which enables the extraction of the progression of size E (X) = J (X) S (X) [I--R (X)] of a cell with 

a nonreflecting layer. Figure 7 reports the progression of E (X) for various conditions of 

nonreflecting adaptation, including the case of complete absence of reflection. From the graphic 

integration between 0.4 and 1.1 ^im of size E (X) in the various conditions and from the 

comparison, it is obtained that the useful energy for the conversion, lost due to integral 

reflectivity from a cell in optimal conditions of adaptation, is 3.5% greater than that of a cell 

assumed to be free of reflection. 

However, the transparent dielectric materials with a refractive index close to the optimal 
value of 2.4 (for example, Ti0 2 and Ce0 2 ) were not used as components [of] the nonreflecting 

layer on an industrial scale, mainly for technological reasons. 




*0O WS X* 7M 



Figure 6. Reflectivity of a cell treated with SiO (n f = 1.9) and TiO a (n f = 2.4) in the conditions of 
functioning. 



Until now, in fact, silicon monoxide has generally been used; its refractive index in 
vaporized films has a value of about 1.9, This leads to an increase of the quantity of energy 
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reflected, and consequently to a diminishment of the efficiency of conversion of the assessable 
cells, with the procedure already used, around 5% of that obtained with the use of a material with 
an optimal refractive index (Figure 7), 



loo 
I* 
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Figure 7. Normalized function E (%). 

Key: 1 Cells free of reflectivity 

2 Cells without nonreflecting layer 

In the present work the procedures and results obtained with Ti0 2 as material constituting 
the nonreflecting layer are reported. 



Experimental work 

Because the direct vaporizing of Ti0 2 , either by means of an electron gun or by direct 

heating in crucibles of refractory material, yields barely controllable phenomena of dissociation 

and reaction with the crucible, for the preestablished purpose, the method of reactive vaporizing 
of Ti0 2 in an oxygen atmosphere was used. 

La general, to obtain deposits having a refractive index close to the theoretical value, the 

molecules of the material that is deposited must be high-energy and the rate of deposit and 

temperature of the substrates must be quite high. 

However, in the case of reactive vaporizing of TiO in an oxygen atmosphere, these 
conditions contrast with the need for complete oxidation of the TiO into Ti0 2> which is an 

exothermic reaction and which also takes place, in practice, only on the surface of the substrate. 

This leads to the need to vaporize the material in the presence of a relatively high residual 
pressure of 0 2 with a low rate of deposition on substrates kept at a moderate temperature. 
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Therefore the search for the conditions of deposition that constitute the best compromise 
between the two contrasting demands becomes necessary. 

These conditions can be obtained only experimentally because, among other things, they 
are also closely connected to the particular apparatuses used. 

With the equipment used for this work, the best determined conditions of compromise 
were the following: vaporizing of TiO by an electrically heated crucible of W; residual pressure 
of 0 2 between 1 and 5x10 torr; rate of deposition < 5 A, and temperature of substrates 

<200°C. 

The equipment consisted of an appropriately modified Balzers BA710 vacuum system, in 
which the residual pressure of 0 2 was regulated with an automatic valve, the rate of deposition 

was controlled by a modulated beam photometer used in reflection, and the temperature of the 
substrates in rotation was measured by means of a thermocouple. 

Results and conclusions 

The optical characteristics of the deposits were determined with measurements of 
transmittance and specular reflectance on transparent substrates. 

It turned out that the control films, of an optical thickness of 0.650/2 jam, have absorption 

< 0,5%, and that the refractive index is between 2.3-2.4 ± 0.05. 

The evaluation of the increase of the efficiency of conversion of solar cells with a 
nonreflecting Ti0 2 layer in comparison with those with SiO was conducted by comparing the 

efficiency of solar cells from the same production lot, treated in part with Ti0 2 and in part with 
SiO. 

The histogram of Figure 8 reports on the short circuit current of the solar cells in the two 

conditions after the protective glass is glued. As can be seen, the cells with a nonreflecting layer 
of Ti0 2 present a short circuit current about 4% greater than those with SiO. 



20/99 16:33 FAX 512 472 4591 



RALPH MCELROY 



@]011/012 




Figure 8. Histogram of the distribution of the short circuit current I for solar cells treated with 
SiO and TKX,. 
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Figure 9. Curves V-I of a cell treated with SiO and with TiO^. 

Since curve V-I of the cells with Ti0 2 (Figure 9) has the same progression as that of the 
cells with SiO, it can be affirmed that with the use of Ti0 2 , the efficiency of the cells improves 

by 4%. 

Finally, it is cited that in the case of the Ti0 2 , the other characteristics of the films, such 

as, for example, adhesion to the substrate, resistance'to abrasion, and chemical stability, are also 

better than those obtained with SiO. 

Finally, the cells produced with a nonreflecting layer of Ti0 2 showed a considerabk 

improvement in stability after prolonged boiling in deionized water, and a greater resistance to 
abrasion after repeated rubbing, with a constant load, with rubber loaded with pumice powder. 
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Background 

Although there have been attempts to deposit metal oxides, such as Ti02 and SrTi03, 
during semiconductor fabrication, thermal oxidation of metals in the fabrication of capacitors has 
been limited since an initial oxide layer prohibits further diffusion during thermal oxidation. As 
a result the use of high dielectric constant oxidized metals has been limited in semiconductor 
capacitor fabrication. One such metal, titanium dioxide, has a dielectric constant 2-15 times 
greater than present semiconductor capacitor dielectrics such as silicon nitride, while titanates are 
2-1000 times greater. 

In the January 1996 issue of Material Research, Vol. 1 1, No. 1, an article entitled 
ELECTROCHEMICAL SYNTHESIS OF BARIUM UTANATE THIN FILMS, R.R. Bacsa et 
al. describes the synthesizing of polycrystalline films of barium titanate on titanium substrates by 
the galvanostatic anodization of titanium to form a material which has a dielectric constant of 
200. 

Summary of the Invention 

The invention includes new capacitor structures and dielectrics and methods for forming 
such capacitors and dielectrics. 

In one exemplary embodiment the capacitor of the invention is formed by a process using 
only two deposition steps. The capacitor has first and second conductive plates and a dielectric 
is formed from the first conductive plate. 
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In one exemplary process in accordance with the present invention a metal layer is 
deposited and at least partially oxidized in an electrolytic solution. The metal oxide formed 
during this oxidation forms the dielectric of the capacitor. Portions not oxidized may form at 
least a portion of a capacitor plate. 

In one exemplary implementation in accordance with the present invention, a metal layer 
is deposited to overlie a first capacitor plate fabricated on a semiconductor wafer. The wafer is 
placed in an electrolyte conducive to forming an oxide with the metal. A potential is applied 
across the electrolyte and the metal, and at least a portion of the metal oxidizes. In a preferred 
embodiment the metal is titanium and titanium dioxide is formed during the electrochemical 
reaction. The capacitor fabrication is completed with the formation of a second capacitor plate 
overlying the oxidized metal layer. The oxidized metal layer functions as the dielectric of the 
capacitor and has a high dielectric constant 

Brief Description of the Figures 

Figure 1 is a cross section of a semiconductor wafer following the formation of a silicon 
dioxide layer and the masking thereof. 

Figure 2 is the cross section of Figure 1 following an etch of the silicon dioxide layer and 
following a deposition and etch of polysilicon. 

Figure 3 is the cross section shown in Figure 2 following a deposition of titanium. 

Figure 4 is the cross section shown in Figure 3 when placed in an apparatus configured to 
perform electrochemical oxidation. 

Figure 5 is the cross section shown in Figure 4 following the oxidation of the titanium 

layer. 
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Figure 6 is the cross section shown in Figure 5 following the deposition and masking of a 
conductive layer. 

Figure 7 is the cross section shown in Figure 6 following the final capacitor formation* 

Figure 8 A is the cross section of the semiconductor wafer shown in Figure 1 following an 
etch of the silicon dioxide layer and a deposit of a first metal layer. 

Figure 8B is the cross section of the semiconductor wafer shown in Figure 1 following an 
etch of the silicon dioxide layer and a deposit and planarization of a first metal layer. 

Figure 9A is the cross section shown in Figure 8A following the electrochemical 
oxidation of the first metal layer and a deposit of a second metal layer. 

Figure 9B is the cross section shown in Figure 8B following the planarization and 
electrochemical oxidation of the first metal layer and following a deposit and planarization of a 
second metal layer. 

Figure 10A is the cross section shown in Figure 9A following an electrochemical 
oxidation of the second metal layer. 

Figure 1 OB is the cross section shown in Figure 9B following a electrochemical oxidation 
of the second metal layer. 

Figure 1 1 A is the cross section shown in Figure 10A following the formation of a 
capacitor plate and the masking thereof. 

Figure 1 IB is the cross section shown in Figure 10B following the formation of a 
capacitor plate and the masking thereof. 
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Figure 12A is the cross section shown in Figure 1 1 A following an etch and showing one 
capacitor of the invention. 

Figure 12B is the cross section shown in Figure 1 IB following an etch and showing one 
capacitor of the invention. 

Figure 13 is a block schematic of a memory system of the invention. 

Detailed Description of the Preferred Embodiments 

Figures 1-7 depict cross sectionally a semiconductor wafer 1 following the process steps 
of a first embodiment used in fabricating the wafer 1 . In Figure 1 field oxide regions 2 and 
wordlines 3 have been formed overlying a substrate 4 using conventional semiconductor process 
methods. Following the wordline formation a thick layer of silicon dioxide 5 is deposited to a 
thickness approximately equal to 5000 angstroms and then planarized. The silicon dioxide 5 is 
masked to define future capacitor substrate contact regions with mask layer 15. 

In Figure 2 the silicon dioxide 5 is anisotropically dry etched to expose the substrate 4 in 
the unmasked regions. Following the etch a substantially conformal first conductive layer 25, 
preferably a polysilicon layer having a thickness of 200-400 angstroms, is deposited to overly the 
exposed substrate 4 and the silicon dioxide 5. Following the formation of the conductive layer 
25 upper portions of the silicon dioxide layer 5 are exposed by removing portions of the 
conductive layer 25 using a spacer etch or using CMP (chemical mechanical planarization) 
following a resist deposit The removal of portions of the conductive layer 25 creates electrically 
isolated portions of the conductive layer 25. The isolated portions of conductive layer 25 are 
first capacitor plates of the capacitor of the invention. Conventional methods for depositing the 
conductive layer 25 include CVD (chemical vapor deposition), PVD (pressure vapor deposition) 



4 



and electroless deposition. In an alternate embodiment a metal layer is deposited by a 
conventional method and functions as the first conductive layer 25. 

Following the deposition and isolation of portions of the first conductive layer 25 a 
conformal metal layer 30 is deposited by chemical vapor deposition to overly the first conductive 
layer 25 and exposed portions of silicon dioxide layer 5, see Figure 3. In a preferred embodiment 
the conformal metal layer 30 is titanium having a thickness of approximately 16-100 angstrom. 
Although in this embodiment titanium is preferred other metals may be used such as copper, 
gold, tungsten, and nickel. In a case where metal is used as the first conductive layer 25 it may 
be necessary to form diffusion barrier layer or an oxidation resistant layer or both interposed 
between the first conductive layer 25 and the metal layers 30. Thus, it should be noted that the 
first conductive layer 25 may actually be comprised of more than one material. For example in a 
ministack application a conductive plug and further conductive layers overlying the conductive 
plug may form the first conductive layer. 

In Figure 4 the wafer 1 is placed in electrolytic solution 34 conducive to oxidizing the 
metal layer 30 when a potential is applied across the electrolytic solution 34 and the metal layer 
30. The electrolytic solution 34 contacts the metal layer 30. In the preferred embodiment the 
electrolytic solution 34 is water, such as one part NH40H for 10 parts water or .1 Mole HCL04. 
However, a basic or acidic solution could also be used. A potentiostat 36 consists of a first 
electrode 40, known as a counter electrode, and a second electrode 45, known as a reference 
electrode. Both the first 40 and second 45 electrodes are emersed in the electrolytic solution 34. 
The potentiostat 36 also provides a third electrode 46, known as the working electrode, which is 
connected to the substrate 4. The substrate 4 is in electrical communication with the metal layer 
30. The potentiostat 36 is a standard device, one of which is a PAR available from E.G.& G. of 
Princeton, New Jersey. The preferred reference electrode is an SCE (saturated calomel 
electrode). The potentiostat 36 monitors the current flowing between the first and third 
electrodes 40 and 46. The potentiostat controls the potential between the second and third 
electrodes 45 and 46. Preferably, the potential is in the range of -2.0 volts to 5 volts (i.e. SCE 
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reference electrode) for 5-120 sec depending on the desired thickness of the dielectric. The 
current is measured between electrodes 40 and 46 and is controlled by varying the potential 
between the second and third electrodes 45 and 46 to obtain the desired current The potentiostat 
allows the potential to be adjusted within a range of potentials conducive to the oxidizing of 
titanium. The oxidation reaction simultaneously oxidizes the metal layer 30 across the entire 
wafer surface. 

Although in the preferred embodiment a three electrode potentiostat controls the 
electrochemical oxidation process, a two electrode rheostat control device may also be used. 
However, the oxidation is less controllable using the two electrode rheostat When using the 
rheostat the second electrode 45 is eliminated and the electrochemical reaction changes the 
counter electrode chemistry. When this happens the potential changes. Thus the oxidation of the 
metal layer 30 is uncontrolled. In the three electrode preferred embodiment the existence of the 
reference electrode provides better control of the oxidation process. 

In the first embodiment substantially all of the metal layer 30 is oxidized during the 
electrolytic process to form a metal oxide 35, titanium dioxide in the preferred embodiment, see 
Figures. The titanium dioxide has a high dielectric constant Preferably, the thickness of the 
metal oxide ranges between 10-1000 Angstroms and the dielectric constant is between 86 and 
170. 

Following the oxidation step the metal oxide is chemically mechanically planarized and a 
second conductive layer 55 is deposited to overlie the metal silicon dioxide layer 5, the silicon 
oxide 50 and the metal oxide 35, see Figure 6. The second conductive layer 55 is created using 
conventional methods such as CVD, PVD, or electroless deposition. In the preferred 
embodiment the conductive layer 55 is polysilicon although metal may be used instead of 
polysilicon, and more than one material may be used to form conductive layer 55. A mask 60 is 
then formed to define the future capacitor structures. 



In Figure 7 the conductive layer 55 has been etched in unmasked regions to complete the 
capacitor structures 65. The capacitors 65 made by the method of the invention comprises a first 
capacitor plate which is first conductive layer 25, a second capacitor plate which is the second 
conductive layer 55, and a dielectric which is the metal oxide 35. 

In an alternate embodiment it is only necessary to oxidize a portion of the metal layer 30 
to create a metal/ metal oxide layer, or in the preferred embodiment a titanium/titanium dioxide 
layer. In this case the unoxidized metal layer 30 and the polysilicon layer 25 form the first 
capacitor plate while the thin layer of titanium oxide forms the dielectric. 

In a still further alternate embodiment multiple layers of metal are deposited and at least a 
portion of each metal layer is electrochemically oxidized prior to the deposition of a subsequent 
metal layer. In this case the dielectric comprises alternate layers of oxide and metal. In this 
embodiment the second conductive layer 55 is deposited on the last metal oxide created. 

In a second embodiment of the invention, shown in Figures 8A-12B, a first metal layer 
75, such as titanium, is sputter deposited to overly the silicon dioxide layer 5 and to contact 
exposed portions of substrate 4 following the etch of the silicon dioxide layer 5 shown in Figure 
1 . The wafer 1 is then placed in an electrolytic solution of acidic water. A current flows in the 
electrolytic solution in response to a potential applied across the electrolytic solution. The 
current is controlled with a potentiostat in order to control the oxidation of the metal layer. By 
controlling the oxidation it is possible to oxidize only a top portion of the first metal layer 75 to 
form a first metal oxide 80, see Figures 9A. 

Alternately the metal layer 75 is planarized to expose the silicon dioxide prior to 
oxidation and formation of the first metal oxide 80, see Figures 8B and 9B. 

Following the first oxidation a second metal layer 85, Figure 9A, is sputter deposited to 
overlie the first metal oxide 80. Again the wafer 1 is placed in the electrolytic solution and an 
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upper portion of the second metal layer 85 is oxidized to form a second metal oxide 90, see 
Figures lOAandlOB. 

In the alternate embodiment, shown in Figures 9B and 10B, the second metal layer 85 has 
been planarized to expose the silicon dioxide prior to oxidation. 

Following the oxidation of the second metal layer 85 a third metal layer 95 is sputter 
deposited to overly the second metal oxide layer 90, and capacitors are defined by a mask 100, 
see Figures 1 1 A and 1 IB. 

Exposed first, second and third metal layers 75, 85, and 95 and exposed first and second 
metal oxide layers 80 and 90 are etched to form the capacitors 105 of the invention, see Figures 
12A and 12B. First and third metal layers 75 and 95 form first and second capacitor plates of the 
capacitors 105, and the first and second metal oxide layers 80 and 90 and second metal layer 85 
form the dielectric of the capacitors 105. In a preferred embodiment the first, second, and third 
metal layers 75, 85, and 95 are titanium. Therefore in the preferred embodiment the metal oxide 
layers 80 and 90 are titanium dioxide. It is also possible to use only one or to use more than the 
number of metal/metal oxide layers described above as the dielectric layer, or it is possible to 
oxidize an entire metal layer if it is not the first or last metal layer deposited. 

In further conceived embodiments the metal layer 30 (in this embodiment titanium) may 
be alloyed with a material, such as Strontium. In this case SrTi03 is formed during the oxidation 
performed by the method of the invention. Other titanates may also be formed depending on the 
alloy used in combination with titanium. For Example, Ba or Pb may be combined with Ti to 
form BaTi03 and PbTi03, respectively, during oxidation. The process also works for Ti03" 2 
complexes. In a still further embodiment the metal layer 30 (in this embodiment titanium) may 
be oxidized in a supersaturated Sr +2 solution such as Sr(OH)2 to form SrTr03, in a preferred 
embodiment 
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The capacitors 65 and 105 shown in Figures 7 and 12(A&B) respectively are typically 
used in a monolithic memory device 110, such as a dynamic random access memory device, as 
shown in Figure 13, The monolithic memory device 1 10 and a processor 115 form part of a 
memory system 120. The processor 1 15 is typically used to generate external control signals 
which accesses the monolithic memory device 110 either directly or through a memory 
controller. 

It will be evident to one skilled in the art that many different combinations of materials, 
deposits and etch steps may be used to fabricate the capacitor and dielectric of the invention 
without departing from the spirit and scope of the invention as claimed The method for forming 
the dielectric of the invention is equally applicable to any type of capacitor structure, such as 
trench, container, and stacked and ministacked or variations thereof. The following patents: U.S. 
Patent Nos. 5,438,01 1 (Blalock et at), 5,097,381 (Vo), 5,155,057 (Dennison et al.), 5,321,649 
(Lee et al.), 5,196,364 (Fazan et al.), 5,381,302 (Sandhu et al.), 5,392,189 (Fazan et al.), 
5,082,797 (Chan et al.), 5,134,085 (Gilgen et al.), 5,354,705 (Mathews et al.), 5,049,517 (Liu et 
al.), 5,053,351 (Fazan et al.), 5,061,650 (Dennison et al.), 5,168,073 (Gonzalez et al.), 5,192,703 
(Lee et al), 5,262,343 (Rhodes et al.), 5,234,856 (Gonzalez), and 5,416,348 (Jeng) pertaining to 
the fabrication of capacitors are herein incorporated by reference. Therefore the invention is only 
limited by the claims. 
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What is claimed is: 

1 . A method for forming a capacitor dielectric on a semiconductor substrate assembly, 
comprising the following steps: 

providing said semiconductor substrate assembly; 

forming a metal capacitor plate on said substrate assembly; and 

oxidizing a portion of said metal capacitor plate to form a dielectric. 

2. A method for forming a capacitor, comprising the following steps: 
forming a metal capacitor plate on a substrate assembly; and 
forming a dielectric from a portion of the capacitor plate. 

3. The method as specified in Claim 2, further comprising the step of forming a further 
capacitor plate overlying the dielectric. 

4. The method as specified in Claim 3, wherein said step of forming the capacitor plate 
comprises depositing a material to form the capacitor plate, 

5 . The method as specified in Claim 2, further comprising oxidizing the portion of the 
capacitor plate to form the dielectric. 
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6. The method as specified in Claim 2, further comprising the step of applying a potential 
across an electrolytic solution and the metal capacitor plate to oxidize said metal capacitor plate. 

7* A method for forming a dielectric layer, comprising the following steps: 

forming a metal layer overlying a starting substrate; and 

applying a potential across an electrolytic solution and the metal layer to form the 
dielectric. 

8. The method as specified in Claim 7, further comprising the step of oxidizing at least a 
portion of the metal layer to form an oxidized layer in response to said step of applying, said 
oxidized layer forming at least a portion of the dielectric layer. 

9* A method for forming a dielectric layer, comprising the following steps: 
forming a metal layer overlying a starting substrate; 
applying a potential across the metal layer, and 

oxidizing at least a portion of the metal layer to form an oxidized layer in response to said 
step of applying, said oxidized layer forming at least a portion of the dielectric layer. 

10. A method for fabricating a wafer, comprising the following steps: 
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forming a metal layer overlying a starting substrate; and 

applying a potential across an electrolytic solution and the metal layer. 

11. A method of fabricating a wafer, comprising the following steps: 
forming a metal layer overlying a starting substrate; 
contacting the metal layer with an electrolytic solution; 

applying a potential across the electrolytic solution and the metal layer; and 

oxidizing at least a portion of the metal layer in response to said step of applying to form 
an oxidized layer. 

1 2. The method specified in Claim 1 1 , further comprising forming a capacitor plate overlying 
the starting substrate prior to said step of forming the metal layer, said metal layer overlying said 
capacitor plate. 

13. The method as specified in Claim 1 1, further comprising forming a capacitor plate 
overlying the oxidized layer, 

14. The method as specified in Claim 1 1 , wherein a non-oxidized portion of the metal layer 
forms at least a portion of a capacitor plate. 
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15. The method as specified in Claim 11, wherein said step of applying further comprises: 

connecting a first electrode in contact with the electrolytic solution to a first terminal of a 
potential source; and 

connecting the starting substrate to a second terminal of the potential source. 

16. The method as specified in Claim 15, further comprising: 
positioning a second electrode to contact the electrolytic solution; and 
connecting the second electrode to the potential source. 

1 7. The method as specified in Claim 1 1 , further comprising the step of adjusting the 
potential across the electrolytic solution to control the oxidation of the metal layer. 

18. The method as specified in Claim 1 7, further comprising: 
monitoring a current in the electrolytic solution; and 

adjusting the potential of the electrolytic solution to maintain a desired amount of the 
current. 
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19. A capacitor, comprising: 



a first conductive plate; 

a second conductive plate; and 

a dielectric interposed between said first and second conductive plates, wherein said 
dielectric is an oxide of a material of the first conductive plate. 

20. A memory system, comprising: 

a monolithic memory device, comprising a capacitor, wherein the capacitor comprises: 

a first conductive plate; 

a second conductive plate; and 

a dielectric interposed between said first and second conductive plates, wherein said 
dielectric is an oxide of a material of the first conductive plate; and 

a processor configured to access the monolithic memory device. 

21. A method for forming a dielectric layer, comprising the following steps: 
forming a metal layer overlying a starting substrate; 
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contacting the metal layer with an electrolytic solution; 

applying a potential across the electrolytic solution and the metal layer; and 

oxidizing at least a portion of the metal layer to form an oxidized layer in response to said 
step of applying, said oxidized layer forming at least a portion of the dielectric layer. 

22. The method as specified in Claim 2 1 , further comprising the step of forming a capacitor 
plate overlying the starting substrate prior to said step of forming the metal layer. 

23 . The method as specified in Claim 2 1 , further comprising the step of forming a capacitor 
plate overlying the oxidized layer. 

24. The method as specified in Claim 2 1 , wherein a non oxidized portion of the metal layer 
forms a capacitor plate. 

25. The method as specified in Claim 21, wherein said step of applying comprises the 
following steps: 

connecting a first electrode in contact with a surface of the electrolytic solution to a first 
terminal of a potential source; and 

connecting the starting substrate to a second terminal of the potential source. 
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26. The method as specified in Claim 25, further comprising the following steps: 
positioning a third electrode to contact the electrolytic solution; and 
connecting the third electrode to a third terminal of the potential source. 

27. The method as specified in Claim 21, wherein said step of applying comprises the step of 
adjusting the potential across the electrolytic solution to control the oxidation of the metal layer. 

28. The method as specified in Claim 21, further comprising the following steps: 
monitoring a current in the electrolytic solution; and 

adjusting the potential of the electrolytic solution to maintain a desired amount of the 
current. 

29. A method for forming a capacitor, comprising the following steps: 
forming a first electrically conductive layer, 

forming a metal layer overlying the first electrically conductive layer; 

contacting the metal layer with an electrolytic solution; 

applying a potential across the electrolytic solution and the metal layer; and 
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oxidizing at least a portion of the metal layer to form an oxidized layer in response to said 
step of applying, said oxidized layer forming at least a portion of a dielectric layer of the 
capacitor, the electrically conductive layer forming a lower capacitor plate. 

30. The method as specified in Claim 29, further comprising forming a further electrically 
conductive layer overlying the dielectric layer to form an upper capacitor plate. 

31. A method for forming a capacitor dielectric layer, comprising the following steps: 
forming a metal layer overlying at least a portion of a starting substrate; 
contacting the metal layer with an electrolytic solution; 

applying a potential across the electrolytic solution and the metal layer; 

conducting current in the electrolytic solution in response to said step of applying; and 

oxidizing at least a portion of the metal layer to form a metal oxide in response to said 
step of conducting current, the metal oxide forming at least a portion of the capacitor dielectric 
layer. 

32. A method for forming a capacitor, comprising the following steps: 
forming a metal layer in contact with a starting substrate; 
contacting the metal layer with an electrolytic solution; 
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applying a potential across the electrolytic solution and the metal layer, 

conducting current in the electrolytic solution in response to said step of applying; and 

oxidizing a portion of the metal layer to form a metal oxide in response to said step of 
conducting current, the metal oxide being the capacitor dielectric, an unoxidized portion of the 
metal layer being a first capacitor plate. 

33. The method as specified in Claim 32, further comprising the step of forming a second 
capacitor plate overlying the capacitor dielectric. 

34. The method as specified in Claim 32, wherein the metal layer is an initial metal layer and 
wherein the electrolytic solution is an initial electrolytic solution and wherein the metal oxide is 
an initial metal oxide, and further comprising the following steps: 

forming a further metal layer to overly the initial metal oxide; 

contacting the further metal layer with a further electrolytic solution; 

applying a potential across the further electrolytic solution and the further metal layer, 

conducting current in the further electrolytic solution in response to said step of applying 
a potential across the further electrolytic solution; and 

oxidizing, in response to said step of conducting current, at least a portion of the further 
metal layer to form a further metal oxide, the further metal oxide forming a further portion of the 
capacitor dielectric. 
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35. The method as specified in Claim 34, further comprising the step of forming a second 
capacitor plate overlying the capacitor dielectric. 

36. The method as specified in Claim 34, wherein the further electrolytic solution and the 
initial electrolytic solution are the same solution. 

37. A method for forming a capacitor, comprising the following steps: 
forming an insulative layer overlying a substrate; 

masking the insulative layer to define a region in which to fabricate the capacitor; 

removing the insulative layer in an unmasked region to expose the substrate; 

depositing a polysilicon layer overlying the insulative layer and the substrate and 
contacting the substrate; 

removing portions of the polysilicon layer to expose the insulative layer, 

chemical vapor depositing a metal layer to overly the polysilicon layer and the insulative 

layer; 

contacting the metal layer with an electrolytic solution; 

applying an electrical potential to the electrolytic solution and the metal layer; and 
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oxidizing, in response to said step of applying, at least a portion of the metal layer to form 
a metal oxide to function as a dielectric layer. 

38. The method as specified in Claim 37, further comprising forming a conductive layer 
overlying the metal oxide layer. 

39. A dielectric layer formed by the process, comprising: 

forming a metal layer overlying a starting substrate; 

contacting the metal layer with an electrolytic solution; 

applying a potential across the electrolytic solution and the metal layer; and 

oxidizing at least a portion of the metal layer to form an oxidized layer in response to said 
step of applying, said oxidized layer forming at least a portion of the dielectric layer. 

40. The dielectric layer as specified in Claim 39, further comprising forming a capacitor plate 
overlying the starting substrate prior to said step of forming the metal layer, said metal layer 
overlying said capacitor plate, 

41 . The dielectric layer as specified in Claim 39, wherein a non oxidized portion of the metal 
layer forms at least a portion of a capacitor plate. 
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42. The dielectric layer as specified in Claim 39, further comprising: 

connecting a first electrode in contact with the electrolytic solution to a first terminal of a 
potential source; and 

connecting the starting substrate to a second terminal of the potential source. 

43. The dielectric layer as specified in Claim 42, further comprising: 
positioning a second electrode to contact the electrolytic solution; and 
connecting the second electrode to the potential source. 

44. The dielectric layer as specified in Claim 39, further comprising the step of adjusting the 
potential across the electrolytic solution to control the oxidation of the metal layer. 

45. The dielectric layer as specified in Claim 39, further comprising: 
monitoring a current in the electrolytic solution; and 

adjusting the potential of the electrolytic solution to maintain a desired amount of the 

current. 
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46. A capacitor formed by a process, comprising: 
forming a first capacitor plate; 

forming a metal layer overlying the first capacitor plate; 

contacting the metal layer with an electrolytic solution; 

applying a potential across the electrolytic solution and the metal layer; and 

oxidizing at least a portion of the metal layer to form an oxidized layer in response to said 
step of applying, said oxidized layer forming at least a portion of a dielectric layer of the 
capacitor. 

47. The capacitor as specified in Claim 46, further comprising forming a conductive layer 
overlying the oxidized metal layer to form a second capacitor plate. 

48. A capacitor formed by a process, comprising: 
forming an insulative layer overlying a substrate; 

masking the insulative layer to define a region in which to fabricate the capacitor; 

removing the insulative layer in an unmasked region to expose the substrate; 

depositing a polysilicon layer overlying the insulative layer and the substrate and 
contacting the substrate; 
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removing portions of the polysilicon layer to expose an upper surface of the insulative 

layer; 

depositing a metal layer to overly the polysilicon layer; 

contacting the metal layer with an electrolytic solution; 

applying an electrical potential to the electrolytic solution and the metal layer; 

oxidizing, in response to said step of applying, at least a portion of the metal layer to form 
a metal oxide to function as a dielectric layer; and 

forming an electrically conductive layer overlying the metal oxide. 

49. The capacitor as specified in Claim 48, further comprising forming a conductive layer 
overlying the metal oxide. 

50. A method of forming a capacitor comprising only two deposition steps. 

5 1 . The method as specified in Claim 50, further comprising: 
forming a first capacitor electrode during a first deposition step; and 
forming a second capacitor electrode during a second deposition step. 
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52. The method as specified in Claim 5 1 , further comprising forming a dielectric layer from 
said first capacitor electrode, 

53 . A capacitor comprising: 

a first capacitor electrode; 

a dielectric layer formed from said first capacitor electrode; and 
a second capacitor electrode. 
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DEVICES HAVING IMPROVED CAPACITANCE AND 
METHODS OF THEIR FABRICATION 



A capacitor formed by a process using only two deposition steps and a dielectric formed 
by oxidizing a metal layer in an electrolytic solution. The capacitor has first and second 
conductive plates and a dielectric is formed from the first conductive plate. 
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